Background Acute stress reaction is a diagnosis given immediately following the experience of an exceptional mental or physical stressor. To the best of our knowledge, no study has examined the association between acute stress reaction diagnosis and suicide. The current study examined this association in a population-based sample. In addition, we examined comorbid psychiatric diagnoses as modifiers of this association.
Introduction
Acute stress reaction is an International Classification of Diseases, 10th Edition (ICD-10), diagnosis given following the experience of an exceptional mental or physical stressor. According to the ICD-10 Classification of Mental and Behavioural Disorders, Diagnostic Criteria for Research, the symptoms of acute stress reaction must be present within 1 h of the stressful or traumatic event and include one autonomic arousal symptom (e.g. sweating, heart palpitations or shaking). In addition, symptoms from three of the following categories must be present: chest and abdomen symptoms (e.g. difficulty in breathing, feeling of choking or chest pain), brain and mind symptoms (e.g. feeling dizzy, feeling that objects are unreal or fear of dying), general symptoms (e.g. numbness or chills), muscle and mental tension symptoms and other non-specific symptoms (e.g. being easily startled, difficulty concentrating or irritability). In moderate or severe cases, one may also exhibit despair or hopelessness, disorientation, withdrawal from social activities, decreased attention, aggression or over-activity. Finally, for acute stressors, the symptoms must begin to diminish within 8 h of the event, whereas the symptoms must begin to diminish within 48 h of the event for continuing stressors. 1 To the best of our knowledge, no study has examined the association between acute stress reaction diagnosis and suicide, although there is evidence of associations between other ICD-10 reaction to severe stress diagnoses [i.e. post-traumatic stress disorder (PTSD) and adjustment disorders] and suicide. 2, 3 Therefore the current study aimed to examine the association between ICD-10 acute stress reaction diagnoses and completed suicide. We hypothesized that acute stress reaction would be associated with a higher rate of completed suicide, compared with the rate of completed suicide among similar adults without a diagnosis of acute stress reaction. In addition, we examined comorbid psychiatric diagnoses as modifiers of this association.
Methods
The source population for the current study was the entire population of Denmark between the ages of 15 and 90 years at the time of suicide (or the match date for control participants). The primary criterion for being selected as a case in the study was having completed suicide between 1994 and 2006, which yielded 9612 cases. Thirty eligible control participants, matched to suicide cases on gender, exact date of birth and calendar time, were drawn from a 25% representative sample of the population in Denmark. When 30 or fewer controls matched, all were selected. When more than 30 controls matched, a random sample of 30 was selected. This procedure yielded 199 306 control participants. Although 30 controls per case is more than needed to attain optimal statistical precision, the excess did not harm the study's cost efficiency because the marginal cost of selecting additional controls is very low in this setting.
Data collection
Data for the current study were obtained from various Danish medical and administrative registries: the Cause-of-Death Register, the Danish Psychiatric Central Register, the Civil Registration System and the Integrated Database for Labour Market Research. [4] [5] [6] The Cause-of-Death Register contains information on the cause and date of all deaths that occur in Denmark. The Psychiatric Central Register includes dates of psychiatric outpatient treatment, psychiatric hospital admissions and discharges, as well as validated ICD diagnostic codes. We used the Civil Registration System to select controls and the Integrated Database for Labour Market Research to obtain socio-economic data. We linked these registries using the Civil Registration Number, an individual personal identification number assigned to all citizens and residents of Denmark.
Analytic variables
Diagnoses in the above registers were coded according to the International Classification of Diseases, 8th Edition (ICD-8), until 1994, 7 and the ICD-10 after 1994. 8 The ICD codes for the variables used in the current study can be found in Supplementary Appendix 1. We included only primary discharge diagnoses for both acute stress reaction and psychiatric confounders/modifiers in the analyses. Years between acute stress reaction diagnosis date (index date) and suicide/match date were calculated by subtracting the index date from the date of suicide/match date. We then categorized the study population into six groups: those who did not have an acute stress reaction diagnosis, those with index date and suicide/ match date in the same year, those with index date 1-3 years before the suicide/match date, those with index date 4 to 6 years before the suicide/match date, those with an index date 7-9 years before the suicide/match date, and those with an index date 510 years before the suicide/match date.
With regard to the psychiatric covariates, the diagnoses of depressive episodes, recurrent depressive disorder and dysthymia were grouped together as 'depression'; mental/behavioural disorders due to use of alcohol and mental/behavioural disorders due to use of drugs were grouped together as 'substance abuse' and phobic anxiety disorders, other anxiety disorders and obsessive-compulsive disorder were grouped together as 'anxiety disorders'. We coded only psychiatric disorders that occurred before acute stress reaction diagnosis date as positive for that diagnosis, because these disorders may be on the causal pathway between acute stress reaction and suicide, so we would not want to adjust for them when they occurred after the acute stress reaction. We assessed income, marital status and geographic location as demographic covariates. Annual income is based on the calendar year before suicide (or match date) and was categorized into quartiles within strata of sex and age groups. We categorized marital status (living in a married or cohabiting status, single status or unmarried minor) as of November in the year before suicide or the match date.
In Denmark, suicide is determined as follows. All unnatural deaths are reported to the police, who conduct an inquest into the death along with specialized forensic doctors. The police and forensic doctors contact hospitals, the physician of the deceased, the person who found the deceased and relatives and close friends of the deceased. They also seek information about place of death, method of dying and presence of a suicide note. A forensic autopsy is conducted if the cause of death is still uncertain. The final determination of death from suicide is made by the forensic doctor based on the combined information from these sources. 9 
Statistical analyses
We conducted descriptive and stratified analyses to examine the distribution of the variables of interest, including time to suicide, among cases and controls. Interaction observed in preliminary stratified analyses was explored further by calculating the relative excess risk due to interaction (RERI), a measure of departure from additive effects. 10 We used regression analyses to calculate the RERI and 95% confidence intervals (CIs) around the RERI.
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Conditional logistic regression was then used to assess the effect of acute stress reaction on completed suicide. As risk set sampling was used to sample control participants, the odds ratios (ORs) obtained from these conditional logistic regression analyses provide unbiased estimates of the corresponding rate ratios. 12 To identify confounders from the psychiatric and demographic covariates described above for the final regression model, we used change-in-estimate methods as a model-building strategy. In brief, each potential confounder was added to the regression model individually. We then calculated the relative rate due to confounding for that confounder by comparing the initial collapsed association between acute stress reaction and suicide with the estimate of association obtained when the confounder was included in the model. Any variable resulting in a change in the estimate of association of 510% was retained as a candidate confounder. After the strongest single candidate confounder was retained in the model, we repeated this method for the remaining potential confounders, with subsequent estimates conditional on previously identified confounders retained in the model. We retained confounders in the model, in order of strength, until none of the remaining potential confounders changed the estimate of association by 410% when added to the model. 13 Misclassification of psychiatric disorders can be an issue in conducting psychiatric research. To examine whether our results were robust against this concern, we conducted an analysis to assess the potential bias from residual confounding by depression, substance abuse and anxiety disorders. 14 We calculated the corrected OR estimates assuming a sensitivity of ascertainment of psychiatric disorders of 50, 70 and 90%. We assumed that misclassification was nondifferential and independent for cases and controls, because the data on the confounders were collected before the suicide or match date. Finally, because of the concern that cases may have been seen by a psychiatrist more often than controls would before committing suicide, and therefore would have more accurately recorded information on the psychiatric covariates, we conducted a bias analysis to examine differential imperfect sensitivity of confounder classification among cases and controls. For this analysis, we assumed a sensitivity for cases of 0.92 (the minimum sensitivity that resulted in non-negative cell frequencies in the corrected tables) and a sensitivity for controls of 0.5. All analyses were conducted using Statistical Analysis Software (SAS) version 9.1.3.
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Results
The descriptive characteristics of the cases and controls are displayed in Table 1 . Suicide cases were primarily male (71%), single (58%) and in the lowest income quartile (42%). The time between acute stress reaction diagnosis and suicide is displayed in Table 2 . The majority of suicide cases occurred in the same year as the acute stress reaction diagnosis, and the proportion of cases decreased as time from the event increased. This same pattern was not observed among controls.
The conditional logistic regression analyses (Table 3 ) revealed that those with an acute stress reaction diagnosis had 14 times the rate of suicide compared with those without an acute stress reaction diagnosis, when adjusting for the control to case matching (95% CI 11-18). Using the model-building strategy outlined in the Methods section, we identified history of depression and marital status as confounders of this association. As expected, history of depression was strongly associated with completed suicide (OR ¼ 17; 95% CI 16-18). With regard to marital status, single status had the strongest association with completed suicide (OR ¼ 2.9, 95% CI 2.8-3.1). Cohabitating status had a weaker association with completed suicide (OR ¼ 1.4; 95% CI 1.3-1.5), and there was a protective effect of being an unmarried minor on completed suicide. However, the small sample size in this group and wide CI for this association (OR ¼ 0.39, 95% CI 0.04-3.6) show that the estimate was imprecisely measured. The OR for the association between acute stress reaction and suicide, adjusted for the identified confounders and the control-to-case matching, was 10 (95% CI 7.7-14).
The RERI analyses (Table 4) revealed that those diagnosed with both acute stress reaction and depression had an RERI of 15, indicating a greater rate of suicide in this group than would be expected based on the effects of each acting alone (95% CI À14 to 45). In addition, the rate of suicide was greater among those with acute stress reaction and a substance abuse history, compared with what would be expected based on the effects of acute stress reaction or substance abuse history alone [RERI ¼ 16 (95% CI À17 to 49)].
Finally, we conducted a bias analysis to evaluate whether residual confounding by psychiatric illness would affect the observed associations between acute stress reaction and suicide, assuming a valid bias model and the accuracy of the values assigned to the bias parameters. The results of this analysis are displayed in Table 5 . At all levels of sensitivity tested, associations between each acute stress reaction diagnosis and suicide remained. Additionally, we conducted a bias analysis to explore differential misclassification of psychiatric confounders among cases and controls, given that cases may have been treated by a psychiatrist more often than controls before committing suicide and may therefore have a more accurately recorded psychiatric history (Table 6) . Assuming a valid bias model, and accurate values assigned to parameters, it does not appear from these results that differential sensitivity of psychiatric disorder confounders among cases and controls in the current analyses would have a significant impact on the results.
Discussion
This study is the first to examine the association between acute stress reaction and completed suicide. Consistent with our hypotheses, acute stress reaction was associated with an increased rate of completed suicide, controlling for gender, age and date of suicide and important psychiatric and demographic confounders. Not surprisingly, the majority of suicides occurred in the same year as the diagnosis, and the proportion of cases decreased thereafter. Although the pattern of time from acute stress reaction to suicide (or match date) is dissimilar among cases and controls, this finding does not have an impact on the conditional logistic regression results. Conditional logistic regression provides a weighted average of the associations in each risk set, calculated from the discordant case-control pairs of ever receiving an acute stress reaction diagnosis vs never receiving an acute stress reaction diagnosis. It is not dependent on having uniform time between the acute stress reaction diagnosis and completed suicide date (or match date). The risk set sampling allows the prevalence of history of acute stress reaction in controls to be in proportion to the exposed person-time in the source population, conditional on the matched factors. Therefore, the dissimilar pattern of time to suicide results between cases and controls would not bias the results of the conditional logistic regression.
Interdependence was found between acute stress reaction and depression diagnosis, indicating that patients with a history of these diagnoses are a group at particular risk for completed suicide. In addition, we found interdependence between acute stress reaction and substance abuse diagnoses such that those with both acute stress reaction and substance abuse diagnoses had an increased rate of suicide beyond the effects of each alone. This evidence of interdependence between acute stress reaction and history of psychiatric diagnoses in predicting an increase in suicide rate provides important information for clinicians with regard to the need for intervention immediately following a traumatic event.
As research in this population has shown that there is an association between PTSD-a common sequelae of acute stress reaction and completed suicide 2 -it is possible that part of the association observed in the current study is driven by participants with acute stress reaction who later developed PTSD. In other words, it is possible that there is a direct causal pathway from acute stress reaction to suicide and also an indirect causal pathway from acute stress reaction to suicide through PTSD. While this possibility should be kept in mind, it is important to note that in the current study, only 0.02% (n ¼ 6) of those with an acute stress reaction diagnosis also had a PTSD diagnosis. Additionally, it is possible that people diagnosed with acute stress reaction have other sequelae resulting from the index traumatic event, and these could also be associated with suicide. In these cases, acute stress reaction diagnoses may be a proxy for the other suicide risk factors.
The current investigation has a few limitations that are worth noting. First, we restricted our definition of We set all specificity equal to 1.0 because the probability that a person truly without these disorders would be treated at a psychiatric facility with a diagnosis of these disorders is near zero. We set all specificity equal to 1.0 because the probability that a person truly without these disorders would be treated at a psychiatric facility with a diagnosis of these disorders is near zero.
psychiatric confounders to those that occurred before acute stress reaction so that psychiatric diagnosis could not be on the causal pathway between acute stress reaction and suicide, and we only used primary discharge diagnoses from the registries (and not secondary diagnoses). Therefore, it is possible that there is residual confounding of our observed acute stress reaction and suicide associations as a result of underascertainment of comorbid psychiatric illness. Because of these concerns, we conducted a bias analysis, and we found that even with a sensitivity of confounder classification of 50%, the association between acute stress reaction and suicide could not be accounted for entirely by potential misclassification. Second, we only included psychiatric diagnoses that were obtained at a psychiatric treatment setting in Denmark.
It is also possible to be diagnosed with a psychiatric disorder at a somatic hospital in Denmark, and therefore the exposed participants in the current study may represent more severe cases of acute stress reaction that are more strongly associated with suicide. We examined the number of acute stress reaction cases from somatic hospitals in the same time period, and there were too few to conduct a separate set of analyses on this group to see if the pattern of results was different from those presented here. Third, if suicide cases were seen at psychiatric facilities more frequently before committing suicide, they would have better psychiatric confounder documentation than controls. We conducted a bias analysis to address this concern. Assuming a valid bias model, it appears that differential psychiatric confounder misclassification would not have had a substantial impact on the results of the current study. Finally, acute stress reaction is a diagnosis in the ICD-10, but not in the Diagnostic and Statistical Manual for Mental Disorders. Therefore, the generalizability of the current findings is limited with regard to countries that do not use the ICD for mental health diagnostic coding (e.g. the USA). Despite these limitations, the current study is an important contribution to the knowledge of the association between acute stress reaction and completed suicide. Clinicians and public health professionals should be aware of the importance of screening for suicidality among people immediately following a traumatic or stressful event.
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